Little is known about farm gate prices in Malawi since data on the price trends are inconsistently collected. Yet this is important information for assessing the performance of agricultural markets. This report summarizes the findings from a pilot study to crowdsource farm gate prices for pigeon peas and chickpeas through the Farm Radio Trust (FRT) platform. In a series of radio 'jingles' and short message service (SMS) 'pushes', farmers were invited to report the prices and locations at which they had sold their pigeon peas and chickpeas to a toll-free number or using SMS. The phone numbers of farmers who responded were entered into a weekly draw with the possibility of winning a MWK25,000 coupon redeemable at a major agricultural input dealer. Between August 15, 2019 and November 1, 2019, 637 farmers called or sent short message service (SMS) texts to a toll-free number to report their sales, volume sold, and the type of buyer and location for sales of pigeon peas or chickpeas during the 2019 marketing season. At the end of the pilot, a follow up telephone survey of 468 of the 637 farmers was conducted to obtain detailed information on farmers' production and marketing activities that were not captured in the initial phone calls.
Introduction
Legumes are a major source of plant proteins and are largely grown by poor farm households in developing countries. Two of the most common legumes farmed in Malawi are pigeon peas and chickpeas. The two crops are mainly grown in the South of Malawi, largely under a rain-fed production system in diverse agroecological contexts, ranging from the arid to semi-arid areas. The two crops contribute to farm household food security and nutrition, improve incomes from crop sales and generate on-farm employment, as well as building smallholder farmers' resilience to climate change, as they thrive in areas experiencing frequent and prolonged dry spells (Monyo et al., 2015) . Further, both legumes are mainly exported to India, and generate foreign exchange earnings that contribute to Gross Domestic Product (GDP) growth.
In Malawi, legume marketing trends have been variable with high price and volume seasonality depending on periodic production and marketing shocks (Monyo et al. 2014; Dzanja et al. 2016) . India is the main export market for Malawi's pigeon peas, who make up 8 percent of India's import in pulses (IPGA, 2019) . One significant shock occurred in the 2016 marketing season when India imposed an import quota for pigeon peas, which reduced Malawi's exports. This led to a domestic supply glut that subsequently suppressed prices. Farmers had to sell their commodities below their production costs. The substantial losses coupled with the lack of a commodity market led to reduced production in subsequent seasons (Weber and Tiba, 2017) .
The legume sector in Malawi shows the usual food price policy dilemma governments face of trying to keep prices high and stable enough to incentivize producers but low enough to make them affordable to consumers (Timmer et al. 1983 ). The Government of Malawi also faces this dilemma and has attempted to incentivize producers by setting minimum farm gate prices, which are usually announced at the beginning t of main harvest marketing season by the Ministry of Agriculture, Irrigation and Water Development (MoAIWD).
Despite the Government setting the minimum farm gate prices each marketing season, there is limited evidence of its enforcement. Besides, there is no consistent data collected on farm gate prices of all agricultural commodities in Malawi. Apart from the MoAIWD (through the Agricultural Market Information System -AMIS), no other institution in Malawi has attempted to collect data on farm gate prices for agricultural commodities across the country. Such data is very useful in analyzing the performance of markets in terms of price spreads from farm gate to consumption point and the distribution of gains across actors in the commodity value chains. This provides insights on the critical intervention areas to boost investments in agricultural value chains. However, the data that is collected has gaps because of infrequent collection.
Against this background, IFPRI conducted a pilot of crowdsourcing farm gate prices through the Farm Radio Trust (FRT) platform, where 637 farmers sent short message service (SMS) texts or called a toll-free number whenever they sold pigeon peas or chickpeas during the 2019 marketing season. A follow up survey of 468 of the 637 farmers was conducted to obtain detailed information on farmers' production and marketing activities that were not captured in the short phone calls. The two crops were chosen for the pilot crowdsourcing because of their late marketing period that peak around August-October. The aim of the study was to analyze: (1) the average farm gate prices for pigeon peas and chickpeas; (2) levels of awareness of farmers of the minimum farm gate prices and its usefulness in setting prices; (3) the extent to which farmers are paid the minimum farm gate prices; and (4), the production and marketing environment for pigeon peas and chickpeas.
The report is organized as follows. Section 2 describes the methodology used. Section 3 discusses the study findings from the crowdsourced data and a follow up survey. Section 4 concludes.
Methodology

Sampling procedure
The study employed an experimental (radio and mobile phone-based) approach to crowdsource farm gate pigeon pea and chickpea prices from farmers. We raised awareness of the crowdsourcing activity among farmers in three ways. First, radio jingles (adverts) were aired four times a day at prime times across four vernacular radio stations in southern Malawi (Angaliba, Gaka, Mzati, and Neno) to inform farmers to report on their sales activities through a toll-free line or text messages. The radio stations were carefully chosen to air the jingles in different dialects in the fourteen districts shown in Figure 1 . Second, text messages were 'pushed' weekly to a list of farmers in southern Malawi, obtained from the Farm Radio Trust data base of farmers. Lastly, through radio farmer programs aired by FRT, farmers were encouraged to participate in the crowdsourcing activity. The study was confined to the South of Malawi as the two crops are mainly grown there.
To encourage farmers' participation, callers were entered into a weekly draw and stood a chance of winning a coupon worth MWK25,000 (approximately US$34). The winners could redeem the coupons at any store of a major agro-dealer (Agora) for agricultural inputs. This promotion and weekly draws lasted for four months (August-November 2019), with an additional grand draw during the last week of the pilot, in which the winners received MWK80,000 worth of coupons for agricultural inputs. 560 pigeon pea farmers and 77 chickpea farmers responded via phone calls or SMS by the end of the crowdsourcing pilot giving a combined baseline data of 637 farmers. Figure 1 shows the distribution of farmers by district. A follow up phone call survey was conducted during November to better understand the marketing environment of the two commodities as detailed in the following discussion. A total of 468 farmers from the baseline were interviewed for this follow up phone call survey. 
Data
The study used data from a two-part survey of pigeon pea and chickpea farmers in southern Malawi. The first part involved crowdsourcing of farm gate prices of the two commodities. In addition to the sales prices, farmers who called the toll-free number were asked to provide information on their gender; volumes sold; type of buyer, location of sales; and distances to and name of their nearest market. During a follow up phone call survey at the end of the pilot, farmers were asked about their age; the size of their household and farm; area of the two crops cultivated; quantities harvested, sold and retained as seed; awareness and usefulness of the minimum farm gate prices; sources of information on farm gate prices; intra-household decision making on sales and use of sales proceeds; use of the sales proceeds; and challenges in marketing the two commodities. The radio jingles, text message and questionnaire used in the study are provided as Annex 1 and Annex 2.
Analytical procedure
Descriptive statistics, such as frequencies, percentages and means were calculated and are presented using graphs and tables in the following section. The data collected was cleaned, coded and analyzed using STATA version 16.0 (StataCorp).
Indicative Costs
Excluding researcher time, the approximate cost of the crowdsourcing pilot was just under US$20,000, of which about $7,650 was for the cost of production and broadcasting the radio jingles, approximately $2,500 for the SMS pushes, around $2,750 for the Agora coupons (prizes) and the remainder for call center charges, management fees and the cost of the follow-up survey. If the costs of the follow-up survey and SMS pushes, whose effectiveness is still being evaluated, are excluded, then the total cost of the crowdsourcing exercise comes to just over $15,000. This compares favorably with alternative modes of collecting price data from an equivalent number of farmers, such as an enumerator-based prices survey.
Study findings
This section presents first summary statistics from the baseline survey (crowdsourced data) followed by data from the follow-up phone survey (follow-up data). The results are presented in both graphs and tables.
Baseline findings
Here, we present farmers' profile in terms of gender and the summary statistics of buyers of the commodities, sales volumes and prices, and location of sales. Table 1 presents statistics on the pigeon pea and chickpea farmers who participated in the crowdsourcing activity. Most of the interviewed farmers were men (82 percent). Interestingly, the ratio of men to women in the sample remained the same across commodity types. Source: Crowdsourced baseline data (August-October 2019). Figure 2 presents a summary of the buyers of pigeon peas and chickpeas in the 2018/2019 marketing season as stated by farmers. Most of the two legumes were purchased by vendors (92 percent), followed by manufacturers. Less than 5 percent was purchased by consumers. This finding highlights the importance of vendors in the value chains of the two crops in Malawi, as will also be shown in the following discussion on the share of volumes traded across buyer types.
Figure 2. Buyers of pigeon peas and chickpeas
Source: Crowdsourced baseline data (August-October 2019). Table 2 presents a summary of the average volumes in kilograms (kg) of pigeon peas and chickpeas sold by farmers, along with the reported sales price per kg in Malawi Kwacha (MWK) by buyer type. The upper part of the table presents the summaries for pigeon peas (panel A) while the lower part covers chickpeas (panel B). Even though vendors dominated the supply chain in terms of sales volume, manufacturers purchased higher volumes (panel A). Volumes traded ranged from 5 to 40,000 kg. On average, manufacturers and vendors purchased 333 kg of pigeon peas followed by consumers (241 kg). Consumers offered better average prices (MWK310) for pigeon peas than manufacturers (MWK281) and vendors (MWK253), though consumers purchased substantially lower volumes. Average prices reported ranged between MWK310/kg and MWK650/kg for pigeon peas.
For chickpeas, we see a similar trend where most volumes went to manufacturers followed by vendors and consumers (panel B). In contrast to pigeon peas volumes traded, more chickpeas were traded with the average volumes traded ranging between 70 kg and 650 kg. Also, consumers offered lower prices (MWK158) than manufacturers (MWK267) and vendors (MWK202) on average. The average reported prices ranged between MWK20/kg and MWK1500/kg. Table 3 presents a summary of the price ranges for the two crops. Most pigeon peas were sold for below MWK300/kg, with 60 percent of transactions occurring at between MWK200/kg and MWK299/kg. Similarly, most chickpeas were also sold below MWK300/kg, with the most common price being between MWK100/kg and MWK199/kg. Just 7 percent (40 out of 560) of pigeon pea farmers and 8 percent (6 out of 77) of chickpea farmers reported sales at prices equal to or above the minimum farm gate prices announced by MoAIWD at the beginning of main harvest season. The reasons why most farmers sold their legumes at below these minimum prices will be discussed further in the next section. Table 4 summarizes the reported location of sales. Most of sales were made at the farm gate followed by a nearby market, with agro-dealers' depots a distant third. Less than ten percent of farmers reported sales at other locations. Some liquidity-constrained farmers usually make informal agreements with agro-dealers to be provided with agricultural inputs such as fertilizers, seeds and other crop chemicals in exchange for a proportion of the harvest. This may partly explain the reported sales to agro-dealers, but there are other large agro-dealers too who do not have such arrangements with farmers. The findings highlight limited smallholder farmers' access to structured markets in Malawi and the limited organized marketing through cooperatives to facilitate access to structured markets. 
Follow up findings
This section presents results from the follow-up phone survey with 468 of the 637 farmers who participated in the crowdsourcing activity. More information was collected in the follow-up phone survey than could be obtained at the time farmers first called in to report the prices at which they sold they pigeon peas and chickpeas. This include questions on the farmers' household and land, further details on production and marketing of the two legumes commodities, and awareness and use of the minimum farm gate prices in price setting by farmers (see Annex 2). Table 5 presents a farmer profile, including household characteristics (such as the age of household head, household size), farm characteristics (such as farm size, area under the two crops), quantities harvested, yield and average sales. On average, household heads were 37 years old, with the youngest aged 18 years and the oldest 77 years. The average farm household and comprised 6 members, farming about 2.4 acres of farmland. Both pigeon peas and chickpeas are farmed on plots of about one acre with some farmers farming on as small as 0.1 acres while others are as large as 10 acres. This suggests that the two crops are grown on relatively small parcels of land.
In terms of output, farmers harvested about 305 kg (or six 50 kg bags) of pigeon peas and 122 kg (or 5.5 bags) of chickpeas. The average self-reported yield for pigeon peas was about 366 kg/acre and 225 kg/acre for chickpeas. The average volume sold at one time was almost 197 kg (about four 50 kg bags of pigeon peas or chickpeas). The average one-time traded volumes are relatively low. Figure 3 presents statistics on the utilization of the harvested crops. Most of the pigeon peas and chickpeas farmers harvested were sold (79 percent). About 15 percent of pigeon peas and 17 percent of chickpeas were retained for seed, respectively. Only limited volumes were retained for consumption. This is plausible, given the susceptibility of the two crops to insect damage and the poor storage practices of many farmer. Liquidity constraints may have led some farmers to make to 'distress sales' at lower prices in order to pay off debts or pay school fees (Dillon, 2017) . Hence, farmers usually do not store the two legumes for long time periods. Figure 4 presents the sources of information on pigeon pea and chickpea prices that were stated by farmers. Most farmers obtained price information from buyers (56 percent) followed by radio. As shown in Table 2 , buyers were mainly vendors, consumers and occasionally manufacturers/processors. Access to price information through other channels (such as local extension, the Agricultural Development and Market Corporation (ADMARC) and digital platforms such as call centers) was reported by less than 10 percent of farmers. Other traders referred to the National Smallholder Farmers Association of Malawi (NASFAM), Agora Limited, the Agricultural Commodity Exchange for Africa (ACE), and Export Trading Group (ETG). Some of these entities, such as NASFAM and ACE, have digital platforms through which they disseminate price information to farmers. Figure 5 presents a summary of the percentage of farmers that were aware of the minimum farm gate prices (MFG), as well as the proportion of farmers that could accurately state the current MFG prices (MWK330/kg for pigeon peas and MWK310/kg for chickpeas). Less than half of farmers were aware of MFG prices. The proportion of farmers who were aware of the minimum prices of pigeon peas prices was 33 percent higher than for chickpeas. Interestingly, even those who mentioned that they were aware of MFG prices, gave largely inaccurate responses about the current MFG. In fact, only 1 percent of the those who were aware of the pigeon pea farm gate price gave the accurate price. None of those who were aware of chickpea MFG price could state it accurately. This points to widespread lack of information on the minimum farm gate prices announced by MoAIWD, which is plausible given farmers' limited access to other sources of price information besides buyers. Figure 6 presents farmers' responses on usefulness of MFG prices in the setting prices of pigeon peas and chickpeas, and the reasons stated as to why the information was not useful. Of those who were aware of the minimum prices, only 37 percent found them useful in setting their sales prices. Of the 297 farmers who did not find the information useful, the main reason was that the timing of the information reported was different from the timing of their marketing activities. About 76 percent of farmers reported that buyers bought the commodities before MFG prices were announced, while 16 percent of them mentioned that market prices offered by buyers were below the set MFG prices. Hence, the minimum farm gate prices were not useful to many farmers in setting their sales prices in general. Also, there were instances where the information was not useful because buyers offered better prices. Farmers were asked about the month in which they sold most of the two commodities in a typical agricultural season. Table 6 shows that most farmers sold their legumes in July (34 percent) followed by August (30 percent). This shows that much of the crop is sold early in the season and that not much is left towards the end of the year, which usually coincides with the lean season in Malawi. Table 7 presents results on decision-making within the household on the sale of the two commodities and subsequent use of the sales proceeds. Most of the decisions on sales and use of the sales proceeds were jointly made by the household head and spouse. However, more joint decisions were made on the use of sales proceeds (72 percent) than on actual sales (61 percent). In contrast, more household heads made decisions on sales (33 percent) than on the use of the sales proceeds (22 percent). Strikingly, the proportion of farm households where household heads decided on sales and use of sales proceeds was higher than that of spouses by 30 percent and 18 percent, respectively. Farmers were asked to mention the two most important uses of the proceeds from pigeon pea and chickpea sales. Numerous reasons were mentioned but for brevity, we present the two most cited reasons stated by at least 5 percent of the farmers. As shown in Figure 7 , most farmers used the proceeds from legume sales to purchase farm inputs or for household expenditures (21 percent). In addition proceeds were used to buy food and pay for school fees and related expenses. Figure 8 presents a summary of the most cited challenges in marketing of pigeon peas and chickpeas. Again, responses are limited to challenges mentioned by at least 5 percent of farmers. Almost one-half of the farmers cited low prices and lack of markets as their most pressing challenges. Other challenges mentioned included pests and diseases affecting crops in the field, and crop pests damaging stored crops, as well as climate change and weather variability. The latter adversely affects rain-fed production of the two crops when precipitation is erratic. Above normal rainfall and flooding leads to crop losses in the fields, particularly in the flood-prone areas in southern Malawi that are large producers of pigeon pea and chickpeas. 
Conclusion
This pilot study crowdsourced farm gate prices of pigeon peas and chickpeas in southern Malawi during the 2019 marketing season and analyzed the extent to which the producers of the two products sell at prices above the set minimum farm gate prices. Through phone interviews with farmers, we established that most of the two products are sold either on farm or at nearby markets and are mainly sold to vendors and manufacturers. Some consumers also purchased small quantities directly from producers. The two legumes are mostly sold below the minimum farm gate prices of MWK330/kg for pigeon peas and MWK310/kg for chickpeas. Less than 8 percent of reporting farmers sold their pigeon peas and chickpeas at prices equal to or higher than the minimum farm gate prices. Even though consumers purchased minimal quantities, they tended to offer better prices than vendors and manufacturers. Farmers mainly sourced price information from buyers. More than half of reporting farmers were unaware of the set farm gate prices. However, those who were aware of them could not accurately state them. This is plausible given that farmers largely depended on buyers to get price information.
We also found that most farmers sell at below the minimum farm gate prices set by the Government because their access to alternative markets is limited and volumes traded are low. These findings suggest that setting minimum farm gate prices in a liberalized economy is not a panacea for the market imperfections that distort prices and pervade the markets for most agricultural products in Malawi (Ochieng et al. 2019) . Producer access to market information must be widened while minimum farm gate prices should either be enforced or eliminated altogether. Expanding export markets beyond the Indian market should also benefit pigeon peas and chickpea producers, who reported limited demand the two in the domestic market.
Finally, given the relatively modest cost of conducting this pilot study, we believe that the use of radio advertising of a competition with prizes given to farmers who call a dedicated phone line to report prices, deserves consideration for future monitoring of farm gate prices for other crops in Malawi. An alternative method of conducting such a competition is to make SMS 'pushes' to a database of farmers' cell phone numbers but the cost-effectiveness of this method depends critically on the accuracy and completeness of the database used.
Annex 1. Crowdsourcing radio jingle and text message Radio Jingle/Promo
English Chichewa Farmers who grew pigeon peas/chickpeas in this growing season, have already sold your produce? Where did you sell? How much did you sell your produce for? Tell us by calling 8111 on Airtel toll free line. You will automatically join a raffle draw and stand a chance to win a voucher of farm inputs worth MWK25,000 from Agora shops. Every week, 6 lucky callers will stand a chance to win this voucher. This raffle draw runs up to November 1, 2019. Remember to call 8111 on Airtel toll free line to enter the raffle draw. Terms and conditions apply. Hello ________. I am calling you from Farm Radio Trust, Lilongwe. Farm Radio Trust has been partnering with IFPRI to crowdsource farm gate prices for pigeon peas and chickpeas in Malawi through the radio and our call center. Thank you for telling us prices at which you sold pigeon peas/chickpeas this season. As a follow up, we kindly request you to answer a few questions regarding pigeon pea/chickpea marketing to help us understand better the marketing environment. Your responses will be kept CONFIDENTIAL and your identity will not be revealed to anyone. Your participation shall in no way affect your marketing activities. You can choose to answer or not to answer any of the questions. If you are willing to participate, shall we proceed? Yes________ No________ Mobile phone updates iii)
Fellow farmers iv)
Buyers v) Radio vi)
Other (specify) 2. Are you aware of minimum farm gate prices for pigeon peas/ chickpeas? 1=yes 2=No 3. If yes, what is the minimum farm gate price for pigeon peas __chickpeas___? 4. Is the minimum farm gate price useful in setting your sales price? 1=yes 2=No 5. If no, Why? i) Buyers do not accept to buy at the set minimum prices ii)
Price was set in a pre-season agreement/contract with a buyer iii) Buyers offer higher than the minimum farm gate price iv)
Other (specify)____________________________ 6. Were buyers willing to buy at or above the minimum farm gate price? 1=yes 2=No 7. In which month do you usually sell most of the pigeon peas/chickpeas? _____ [1=Jan, 2=Feb, …,12=Dec] 8. What is the average quantity you usually sell at a go (in kg)? ____ 9. Who makes decision on pigeon pea/chickpea sales? i) Household head ii) Spouse iii) Joint decision between household head and spouse iv)
Another adult household member 10. Who decides on how the sales proceeds are spent? i) Household head ii) Spouse iii) Joint decision between household head and spouse iv)
Another adult household member 11. What did you spend most of the sales proceeds on? [Tick two most important] i) To pay school fees and other related expenses ii)
To purchase farm inputs iii)
To purchase farm inputs iv)
To purchase food v)
To pay medical expenses vi)
To pay for household expenses 12. What in your opinion are the TWO most pressing challenges in pigeon pea/chickpea marketing? i) Low prices ii)
Missing markets iii)
Climatic changes and weather variability iv)
Lack of improved seeds v)
Pests and diseases for crops
